Purpose: Various treatment modalities have been stated to avoid faulty healing of the mandibular angle fracture and the subsequent functional and esthetic disasters. In this study, we aimed to design a new patient-specific titanium plate to overcome Champy's acknowledged drawbacks and avoid splaying of the inferior border of the mandible.
INTRODUCTION
Mandibular fractures (MFs) comprise around 36 to 70% of all maxillofacial fractures (1) (2) . Studies reported that fracture of the mandibular angle accounts for 12-30 % of all MFs which in turn falls in incidence after the body and the subcondylar fractures (2) . It is mostly caused by sports, interpersonal violence, then, motor vehicle accidents (3) .
Faulty treatment of the mandibular angle fracture (MAF) is a major foundation of significant functional and esthetic crisis ranging from occlusal discrepancies and pain during function to prominent facial asymmetries (1) .
As a rule, the success of any treatment modality in MAF depends primarily on the inter-fragmentary approximation and stability and the incidence of postoperative complications (4) .
Despite of the widespread agreement for the need of surgical interference through open reduction and internal fixation (ORIF) of MAF, the optimal plating sites of MAF remains a subject of great debate, thereby, various treatment modalities have been described in the literature (5) (6) (7) .
The literature established the tensile and compressive zones all over the mandible where different plating sites were identified. These were found to counteract the muscular forces that naturally act on the fragments (8) (9) .
Traditionally, compression plates on the inferior and outer surface of the mandible rigidly fixed the fractured segments preventing inter-fragmentary movement, however with the disadvantageous need of an extra-oral incisional approach. Scars due to extra-oral approaches, difficulty in plate adaptation due to its bulkiness, and increased chances of nerve injury triggered surgeons to seek a less invasive plating technique (7) . (10) proposed the concept of an ideal line for plating; the superior ventral surface to the external oblique ridge of the mandible. Champy's technique involved the placement of a single miniplate for MAF, that's why Kroon et al (11) questioned its adequacy on basis of the possibility of the inferior border distraction or splaying attributed to the opposing muscular forces of the elevator muscles versus the depressor muscles. This inferior border distraction led to many complications as malocclusion, facial widening and non-union. (12) suggested the addition of a second mini plate along the inferior border to stabilize fixation during functional loading, while the recent use of three-dimensional (3D) plates has been introduced as a growing alternative for the fixation of MAFs where simultaneous stabilization of the tension and compression zones were addressed.
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Considering the above and utilizing the Champy's concept, this study aimed to design a newly modified patient-specific (PS) titanium plate to overcome the declared drawbacks and avoid mandibular inferior border splaying.
PATIENTS AND METHODS
The present study was performed in the department of oral and maxillofacial surgery, faculty of Dentistry, Cairo University. Eight patients were included with a mean age of 37 years. All the patients suffered from displaced unilateral mandibular angle fracture which needed open reduction and internal fixation. Written consents and ethical clearance were obtained.
Exclusion criteria:
-Medically compromised patients with impaired healing ability.
-Old fractures.
Preoperative evaluation and preparation:
Clinically, the patients complained of pain and facial asymmetry due to malocclusion and restriction in mouth opening (Maximum inter-incisal opening). Preoperative parasthesia of the lip was recorded in three patients. (Fig. 1) Routine preoperative panoramic radiographs were performed to reach a diagnosis. CT was ordered to determine the amount of displacement between the fractured segments. (Fig. 2) Utilizing the 3D CT images, mirroring of the intact side was done and used to virtually reduce create an image of the fractured side in a reduced state. This was used to design a PS-plate to fit on the ventral surface of the superior border of the external oblique ridge, namely; Champ's osteosynthesis line.
The designed plate varied from the regular Champy's plate by adding downward extended arms to the newly designed plate; lingual shelf and two buccal arms. These aimed to only immobilize the mandible lingually, along with fixing both fractured segments buccaly with screws, while fixing the segments superiorly at Champy's line with the standard screw-holes' positions. (Fig. 3) Processing of the PS-angle plate was done from titanium blocks through direct metal laser sintering.
Surgical procedure:
Under general anesthesia via naso-tracheal intubation, Maxillo-mandibular fixation (MMF) was done using the famous ivy-loops to bring the segments back together in normal position and put the patient in centric proper occlusion. Standard intra-oral approach was performed to reach the MAF line. The plate was then applied in the predetermined place and fixed using 2.0 screws through the holes in the main plate shaft and the two extended buccal arms. The lingual shelf just rested on the mandibular lingual surface and was not fixed with screws due to inaccessibility. This allowed the mandibular thickness at the angle region to be sandwiched between the lingual and buccal arms of the plate. (Fig. 4) The MMF was released and the mandibular function and occlusion were checked. The wound was then sutured. All the patients were closely monitored and immediate postoperative mandibular function was allowed.
Postoperative assessment
Follow up period was determined to be 3 months. During which, the soft tissue over the plate were inspected for any signs of infection or dehiscence. Postoperative complications were recorded if present as fragment mobility, changed occlusion and/or parasthesia.
The clinical evaluation of the occlusion together with the maximum inter-incisal opening (MIO) measured in mm was done at one week, one month and 3 months.
Postoperative CT was performed to measure the linear inter-fragmentary gap between the fractured segments at the inferior mandibular border after fixation to validate the ability of the modified plate to approximate and immobilize the fractured segments through the whole thickness of the mandible.
RESULTS
A total of eight MAFs were treated by means of the computer-modified new titanium plate in this study. All the patients were males with a mean age of 37 years.
All the surgeries were uneventful with a tolerable resultant postoperative pain and swelling which were considered normal. All patients were followed up clinically and radiographically for 3 months postoperatively, after which the patients were clinically pleased.
The preoperative parasthesia recorded in three patients was improved postoperatively, however without its complete disappearance.
Soft tissue healing recorded no signs of infection, inflammation or dehiscence except in only one case, which showed primary signs of plate showing through the intra-oral soft tissue.
Over the study period, the severe preoperative restriction of the mandibular function and MIO was significantly improved to reach a pleasing result after 3 months reaching a mean of 40.3 mm opening. (Table 1) Radiographic examination after 1 week postoperatively revealed the exact alignment of the fractured segments in normal position throughout the whole thickness of the mandible at the fracture line. This continued without changes in position over the study period. No signs of adverse effects were detected around the screws. (Fig. 4) 
DISCUSSION
Though a variety of treatment modalities for MAFs have been described, ORIF remains the gold standard treatment described in the literature for MAF (13) . Studies suggested different plating sites in management of MAFs via ORIF. The wide agreement on the use of compression plate on the inferior border of the mandible has faced many disadvantages; extra-oral scar, risk of facial nerve injury and difficult adaptation (7) .
Surgeons presented the more conservative Champy's intra-oral plate to avoid these disadvantages. Inferior border splaying due to the opposing muscular forces with the inferior border distraction led to many adverse effects as malocclusion, facial widening and non-union (14) .
As philosophies on the treatment of maxillofacial trauma change over time, thereby, a periodic review is necessary to refine the present techniques and modify plate design for a more efficient outcome (9) .
Accordingly, a new plate design was provided in this study in an attempt to modify Champy's concept to prevent inferior border distraction and subsequent complications. It utilized more than one plane of fixation, to counteract the opposing muscular forces and mastication load.
A tolerable resultant postoperative pain and swelling was documented immediately postoperative and faded in one week. This was considered normal due to the open reduction and tissue manipulation at the fracture site.
Regarding the postoperative complications, Lizuka and Lindquist (15) (16) reported that MAF is associated with the highest incidence of postsurgical infection and dehiscence of all mandible fractures. On the contrary, in this study, despite of its statistical insignificance, the dehiscence and minor plate exposure reported in one case. This was attributed to the thin covering mucosa in this area along with the relatively high thickness of the plate, which was difficult to be further reduced due to the plate design and the main shaft junction with the extending arms.
Most studies in the literature didn't declare whether the lip parasthesia was recorded before surgery or due to the surgery itself (9) . Three patients complained of the persisting preoperative parasthesia after the surgery however with less intensity. This was insignificant due the established fact that nerve affection in MAFs depended mainly on the preoperative degree of displacement of the segments (9) . This was confirmed in other studies which did not identify any difference after surgery regarding the presented paresthesia (17) .
The readings of this study revealed the primary minor improvement in MIO due to the re-aligned segment and regained proper mandibular mechanics. This was significantly increased along the followup visits, which was explained by El-Anwar et al (18) where the initial muscle spasm and pain from the healing soft tissue produced an inability of the patients to fully open their mouths.
At the angle region, strong distractive forces are created due to the acting elevator muscles attached to the ramus. According to Champy (19) , the muscular and functional action on a linear plate on the superior border at the external oblique ridge in MAF causes bucco-lingual splaying of the inferior border of the mandible and subsequent gap formation between the fractured segments due to torsion forces and movement over the axis of the plate. (20) proved this while using 3-D boxshaped plates which superseded the 2-D miniplates in MAF through providing superior and inferior fixation that prevented bucco-lingual distraction of the fractured segments and inter-fragmentary gap formation.
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Similarly, in our modified design, the use of the buccal and lingual extending arms sandwiched the mandible and provided an extra form of fixation of the fractured segments through a plane other than the plane of the main plate shaft. This provided rigid fixation and counteraction to the inferior border splaying tendency.
Validating the plate design of this study was revealed in the documented exact alignment of the fractured segments in normal position throughout the whole thickness of the mandible at the fracture line which continued without changes over the study period.
